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THE MECHANISM OF HEART FAILURE 
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Definition. Heart failure may be defined as the 
inability of the heart to maintain a circulation ade- 
quate to mect the ordinary needs of the organism 
taking into consideration the age and sex of the 
individual. Heart failure is quantitative. The use 
of the term “‘loss of compensation” to designate the 
more advanced phases of the condition is an unfor- 
tunate survival, as failure of compensation begins 
when the earliest symptoms appear. 

The primary cause of heart failure as a i 
tional state of the circulation is to be found in the 
myocardium. Valvular defects, arhythmias, and 
peripheral vascular lesions each and all may em- 
barrass the myocardium either by increasing its 
work or interfering with its nutrition. They are 
contributing factors, but the essential factor is the 
decline of the expulsive or systolic power of the 
myocardium. As soon as the volume output per 
minute of the heart fails to meet the ordinary re- 
quirements for the daily life of the individual then 
heart failure may be said to begin. But the problem 
is not so simple as this plain statement would sug- 
gest. There is much to indicate that heart failure 
may continue to progress although the minute 
volume may not further decline. In such instances 
there is evidence that the pressure in the right 
heart and veins continues to increase, thus leading 
to what has been called failure due to back pres- 
sure. How much lack of “forward blow” and in- 
crease in ‘‘back pressure”? may operate in any indi- 
vidual case of heart failure it may be difficult to 
state definitely. Probably each plays a variable rdle 
in all cases. However, it would appear that in the 
heart failure of aortic valvular disease, hyperten- 
sion and hyperthyroidism, the lack of forward flow 
or left-sided failure plays the greater part, while in 
mitral disease and pulmonary obstruction lesions 
back pressure or right-sided failure is the more 
important. 

It has been shown that in animals with thick 


ventricular fibres the heart rate is siow, while it 
they are thin it is fast. It would seem that the slow 
rate is advantageous in order that oxygen may 
have a greater opportunity to diffuse through the 
thicker fibres during the prolonged recovery period 
or diastole. There is an optimal ratio between the 
size of the ventricular fibre and the rate. If the 
latter be increased beyond this, “cardiac fatigue” 
may be expected to occur. In fact, this may account 
for the heart failure which occurs when the only 
abnormality found is cardiac hypertrophy. 

There are many instances where a pronounced 
tachycardia (such as auricular fibrillation, auricular 
flutter, paroxysmal auricular tachycardia, ventri- 
cular tachycardia, and that occurring in severe in- 
fections) appears to play an important role in 
producing heart failure. It would seem likely that 
the great decrease in the diastolic or recovery period 
leads to a local oxygen debt, accumulation of lactic 
acid, decrease in glycogen stores and increase in the 
hydrogenion concentration, all of which conspire 
to lead to cardiac fatigue and inefficient systolic 
function. 

The contrary is often seen when a rapid regular 
rhythm which cannot be controlled gives place to 
auricular fibrillation which can be controlled by 
digitalis, or when complete heart block develops in 
a failing heart reducing the rate to around forty. 
In both of these instances great improvement in 
cardiac function may be seen. 

There are certain specific factors that tend to 
bring on or aggravate cardiac failure some of which 
are amenable to treatment. Infections like rheu- 
matic fever and syphilis, deficiency states such as 
anemia, myxedema, beriberi, and nutritional edema, 
hyperthyroidism and hypertension, all play their 
roles in different ways to embarrass the circulation. 
(1) Infections, principally rheumatic fever and 
syphilis. These lead to an exudative and finally a 
productive perivascular lesion in the muscle which 
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eventually, in proportion to its extent, leads to a 
progressive fibrosis. It is therefore an anatomically 
irremediable condition. (2) Deficiency diseases 
such as chronic anemias, myxedema, “War edema,” 
and beriberi. It is obvious that each acts in a 
somewhat different manner, but in each there is 
the lack of a sufficient quantity of some important 
factor in the organic economy and all are remedi- 
able if recognized in time. (3) When a prolonged 
increase in cardiac work is required, as in hyper- 
tension and hyperthyroidism. In the first there is 
an increasing demand but a decreasing vascular 
service. In the latter the increase of cardiac work 
is roughly proportional to the increase in. meta- 
bolism, but heart failure is more common in the 
long-standing cases than in the acute ones. 

The first indication of heart failure will be felt 
by the patient and is therefore revealed by his 
symptoms usually long before trustworthy signs 
may be found on examination. The most important 
of the latter is the size of the cardiac dulness. 

Symptomatology. As the patient realizes that all 
is not well he consults his physician, usually on ac- 
count of fatigue and shortness-of breath on exer- 
tion. 

Fatigue. One of the most essential requirements 
for physical effort is an adequate general circula- 
tion. The majority of adults today, except those 
engaged in heavy labor, do not make heavy de- 
mands in this regard. Therefore, when they are 
conscious that the ordinary round of work and 
pleasure produces uncomfortable fatigue and ex- 
haustion, they are inclined to seek medical advice. 
These symptoms are due to many other causes than 
actual heart failure but in the great majority of 
instances they result from either a qualitative or 
quantitative reduction in blood supply to the tissues 
as in anemia and heart failure, or to an excessive 
cardiac demand as in thyrotoxicosis and hyper- 
tension. 

Shortness of breath or dyspnea is primarily due 
to a demand for increased blood flow on exertion. 
If this increase is not sufficient to meet the needs 
of the tissues, there is a progressive oxygen debt 
(demand greater than the supply), an accumula- 
tion of carbon dioxide, and eventually an excessive 
lactic acid content in the blood and tissues. These 
all stimulate the respiratory effort. As the heart 
failure increases or circulation rate is still further 
‘reduced, pulmonary engorgement develops. This is 
characterized by cough, scanty sputum (sometimes 
blood-stained), reduced vital capacity, and fine 
moist rales on auscultation. The pulmonary en- 
gorgement by making the lungs more rigid reduces 
their distensibility and at the same time increases 


the sensitivity for deflation. Therefore the respira- 
tions become increasingly shallower as the engorge- 
ment increases. This engorgement also leads to an 
increase in the intrapleural pressure which in expi- 
ration instead of being negative is equal to or 
greater than zero. The mild pumping effect of res- 
piration on the circulation is thus reduced and 
when the expiratory intrapleural pressure is posi- 
tive there is actual intermittent obstruction to the 
venous return. 

In progressive heart failure dyspnea will be first 
noticed on exertion and, as it progresses, the mar- 
gin of activity will become more and more limited 
until there will be respiratory consciousness even 
during complete rest. Therefore, dyspnea is not 
only a qualitative but also a quantitative symptom 
of comparative accuracy. 


Numerous attempts have been made to correlate 
the degree of dyspnea with various respiratory 
measurements, such as the vital capacity, ventila- 
tion equivalent, and so on. Any such correlation 
has been shown to be thoroughly untrustworthy. 
However, when we come to analyze the lung vol- 
ume and its subdivisions in greater detail it can be 
shown that the degree of respiratory impairment 
is directly proportional to the ratio of the func- 
tional residual air to the total capacity; or, more 
simply expressed, the ratio of the amount of air 
normally in the lungs to the amount of air in the 
lungs on full inspiration. Space does not permit of 
entering into a discussion of the real meaning of 
this ratio, but suffice it to say that under average 
normal conditions it lies between 3 and 4 to 10 and 
that, as the ratio approaches unity, dyspnea be- 
comes more and more intense and this is again in 
proportion to the degree of heart failure. 

The interaction of different causes of dyspnea in 
heart failure makes an untangling of these factors 
somewhat difficult to express in general terms. The 
degree of each functional disturbance varies from 
case to case and from time to time in the same 
case. There are four possible factors: (1) pulmon- 
ary engorgement leading to hypersensitivity of the 
expiratory reflex; (2) arterial anoxemia due to 
faulty pulmonary aeration; (3) central anoxemia 
due to No. 2, or due to slowing of the general 
blood flow, or (4) to a local arterial lesion as in 
advanced stages of essential hypertension. Increas- 
ing venous pressure would tend to aggravate some 
of these factors and there seems little doubt that 
orthopnea is an attempt to compensate for this. 


(To be continued) 


J. C. Meakins, M.D. 
Montreal. Canada. 
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